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The content of three secondary phenolic metabolites
(SPMs) barbaloin, aloeresin and aloenin, in Aloe
arborescens is the highest in leaf two. The lower the leaf
on the branch, the lower is the content of SPMs. The
content of SPMs also differs in the various parts of each
leaf. The highest amounts are found along the margins
of the upper third of the leaf and the lowest at the cen-
tre of the leaf base. After pruning a leaf, the SPMs con-
tent in the regrown part of that leaf is higher than in
another plant with unpruned leaves. Repeated leaf prun-
ing can gradually increase the SPMs content of the dry
exudate of regrown parts from 12–86%. The higher the
pruned leaf is on the branch, the greater the increase in
the content of SPMs in the regrown parts of the leaf.
Such leaf pruning also increases the content of SPMs in
the leaf located opposite the pruned leaf, but a greater
increase occurs in the new young leaf at the top of the
branch. Pruning leaf two gradually increases the con-
tent of SPMs in the lower leaves. The higher the leaf, the
greater the increase.
Secondary metabolites are very important to keep the natu-
ral balance in the green world (Hartley and Jones 1997).
Plant secondary metabolites have been mainly investigated
from the biochemical, phytochemical, chemical structure
and chemotaxonomic viewpoint (Hairston et al. 1960,
Southwood 1977, Janzen 1988, Harborne 1994, Chauser-
Volfson and Gutterman 1996, Hartley and Jones 1997,
Gutterman and Chauser-Volfson 2000a).
Varying distribution of the secondary phenolic metabolites
(SPMs) in the leaves, has been found in Aloe species (Birch
and Donavan 1955, Takayuki and Toshifumi 1983,
Beaumont et al. 1984, Nakagomi et al. 1985, Groom and
Reynolds 1987, Yamamoto et al. 1991, Chauser-Volfson
and Gutterman 1997, 1998, Shen et al. 2001a, 2001b,
2001c, Chauser-Volfson et al. 2002). It has also been found
that the more often the leaves of an Aloe plant are pruned
on a monthly basis, the greater is the content of the SPMs
in the renewed parts of these leaves (Gutterman and
Chauser-Volfson 2000a), which develop from the intercalary
meristem region (Fahn 1967) located at the lowest part of
the Aloe leaves.
In previous papers we have reported on the content and
distribution of the secondary phenolic metabolites (SPMs)
barbaloin, aloeresin and aloenin in Aloe arborescens Miller
(Liliaceae) leaves. The distribution of these compounds
depends on the leaf part, orientation and leaf level (Figure
1), as well as on seasonal influences and light intensity
(Chauser-Volfson and Gutterman 1996, Gutterman and
Chauser-Volfson 2000a, 2000b).
The influences of repeated pruning on increasing the con-
tent of SPMs may be part of the plant’s defense strategy
(Gutterman and Chauser-Volfson 2000a, 2000b).
The aims of these sets of experiments were to study the
influences of pruning leaves of a branch of A. arborescens
on the content of the SPMs barbaloin, aloeresin and aloenin.
Do the influences of leaf pruning only have a local effect on
the renewed part of the pruned leaf or do they affect the
SPMs content of other leaves on a branch? Do these include
the effect of pruning on (1) the new leaves that develop at
the apex of the branch after pruning, (2) the content of SPMs
in leaves levels 3–7 after pruning of leaf 2 to determine the
influence of pruning according to the location of leaves on
the branch and their north or south orientation?
Materials and Methods
Plant material
The Aloe arborescens multi-branched shrubs used in these
experiments originate from South Africa and are growing in
the Introduction Garden of the Jacob Blaustein Institute for
Desert Research at Sede Boker in the Negev Desert of
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Israel (34°46’E 30°51’N, 460m asl). The plants have flour-
ished in the desert conditions and are planted in loose soil.
In addition to the average annual 100mm of rain in this area
in winter, they are irrigated with about 300mm of water. A.
arborescens can be easily propagated from cuttings and is
probably one of the most widely cultivated species of the
genus in the world. The plants used in this experiment were
all propagated vegetatively from one mother plant, thus
developing a genetically uniform population of plants that
each developed one main stem.
The term ‘leaf level’ is used in this paper to describe which
leaves on a branch are used in the experiment. The leaves
grow on the branch in a spiral arrangement (philotaxis)
(Shen et al. 2001a) and leaf levels 3, 4 and 5 are the three
leaves on one side of the stem (north- or south-facing) that
are in line with each other down the branch. Leaves Nos 1
and 2 are the leaves at the top of a branch (Figure 1).
Method of analysis
Immediately after harvesting the A. arborescens leaves, the
exudate was collected from each part of each leaf using a
hand press. The exudate was placed in vials in a freezer at
–20°C for several hours then freeze-dried at –60°C (using
Freezemobile ‘Virtris’) in vacuo. The freeze-dried powder
was analysed.
Samples (5–15mg) of powder were dissolved in 1–1.5ml
methanol and were applied to pre-coated TLC plates, silica
gel on polyester (20cm x 20cm). After drying, the plates were
placed in the TLC glass developing tank with solvent: ethyl
acetate-methanol-water (100:16.5:13.5 v/v). After division
and separation of barbaloin (Rf 0.31–0.35), aloeresin (Rf
0.25–0.3) and aloenin (Rf 0.51–0.55) from the plates, these
compounds were eluted with an exact volume of methanol,
from 3–15ml, depending on the percentage of the com-
pound in a tested sample. The absorbance was measured at
the λmax: 360–362nm, 300–302nm and 306–308nm,
respectively. The content of the three compounds was deter-
mined using three calibration curves (Diode array
Spectrophotometer, Hewlett Packard 8452-A).
Compounds were identified by their spectral properties with
those reported in the literature. These three SPMs, barbaloin,
aloeresin and aloenin, differ in structure, chromatographic dis-
tribution and absorption spectrum (Hay and Haynes 1956,
Haynes et al. 1960, Conner et al. 1987, Groom et al. 1986,
Speranza et al. 1994, Chauser-Volfson and Gutterman 1998).
Pruning experiments
I. Influences of leaf pruning on the content of SPMs in
renewed and new leaves 2 to 4 at the apex and in the
renewed parts of the pruned leaves (Figure 1)
On 28 February 2001: Leaves levels 2–4, were pruned and
tested from the top of four plants with no lateral branches.
On 18 March 2001: The renewed parts of leaves that were
levels 2–4 from the branches that were pruned on 28
February were tested; three top new young leaves, levels
2–4, on the same branches pruned on 28 February were
tested. Three young leaves levels 2–4 from branches of four
unpruned plants were tested as a control. 
On the 18 April 2001: Renewed parts of the three young
leaves from the same four branches pruned on 18 March were
tested; three top new leaves, levels 2–4, were tested from four
plants from the place on the plant originally pruned on 28
February; three young leaves, levels 2–4, from branches of
each of four other unpruned plants were tested as a control.
II. Content of SPMs of leaves 3–7 after pruning of the top
leaf 2, in the renewed parts, and in the leaves opposite the
pruned leaves (Figure 2)
On 28 February 2002: Leaf 2 at the apex of branches of four
A. arborescens plants were pruned and checked to ascer-
tain the average percentage of the three secondary pheno-
lic metabolites in the dry exudate of the leaves.
On 7 April 2002 (38 days later): North-facing leaves levels
3–7 from the branch from which leaf 2 was pruned, were
pruned and checked. North-facing leaves levels 3–7 of four
previously unpruned plants were checked as the control.
On 5 May 2002 (after a further 29 days): The regrown parts
of the north-facing leaves levels 3–7 that had been pruned on
7 April 2002, were pruned again and checked. The south-fac-
ing leaves levels 3–7 opposite the pruned and regrown north-
facing leaves 3–7 were pruned and tested. The south-facing
leaves levels 3–7 from four previously untouched plants were
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Figure 1: The influence of leaf pruning on the average content (%
± SE) of barbaloin, aloeresin and aloenin in the dry weight of exu-
dates of newly developed leaves at the top of branches from four
Aloe arborescens plants, compared with the content of the regrown
parts of the previously pruned leaves. On 28 February 2001, (a) in
leaves 2, 3 and 4 before pruning. On 18 March 2001 (b) in renewed
growth of leaves 2, 3 and 4, and (c) in new leaf levels 2, 3 and 4 at
the top of the same branches of the Aloe plants; (d) in control of
leaves 2, 3, 4 in previously unpruned plants. On 18 April (e) in
renewed growth of leaves 2, 3, 4 of (b); (f) in new leaf levels 2, 3
and 4, at top of the same branches; and (g) in control of leaves 2,
3, 4 of previously unpruned plants
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pruned and tested as a control. The significance of all the
results were calculated and tested by One-way ANOVA at
95%, followed by Fisher PLSD test (Sokal and Rohlf 1981).
Results
I. Influences of leaf pruning on the content of SPMs in
new leaves levels 2, 3 and 4 at the top of branches and
in the renewed parts of the pruned leaves (Figure 1)
After each pruning the content of the three SPMs had signif-
icantly increased (P = 0.0001).
The content of each of the SPMs in the top leaves cut on 28
February was barbaloin 18 ± 0.64, aloeresin 19.2 ± 0.64 and
aloenin 8 ± 0.38% (Figure 1a). In the new top leaves seven
weeks later, on 18 April, the content was 36.3 ± 0.83%, 31.5
± 0.53% and 20.5 ± 0.29%, respectively (Figure 1f). The con-
tent on 18 April of leaves renewed at the place from which
leaves were cut on 28 February was 29.7 ± 0.5%, 24.9 ± 0.5%
and 12.2 ± 0.27% respectively (Figure 1e).
II. Content of SPMs of leaves 3–7 after pruning of the top
leaf 2, in the renewed parts, and in the leaves opposite
the pruned leaves (Figure 2)
1. Pruning of leaf level 2 increased the content of SPMs in
leaves 3 to 7 below it. The younger the leaf, the stronger
was the effect of pruning resulting in a higher content of
the SPMs (Figure 2a, b).
2. Pruning leaves 3 to 7, 2cm from the stem, influenced the
increase of SPMs in the renewed part of the leaf (Figure 2c)
that grows to a length of about 12cm after about one month.
3. At the same time there was also an increase in the SPMs
in the leaves that were opposite the pruned leaves and
here also, the younger the leaves the greater the SPMs
content (Figure 2d, e).
4. There was hardly any increase in SPMs in the leaves to
the side of the pruned leaves (data not shown).
Discussion
There are many questions to be addressed about the influ-
ences of leaf pruning on the content of secondary phenolic
metabolites (SPMs) on the different parts of one plant or
even one leaf. What are the defence strategies that plants
such as Aloe species have developed in order to survive in
harsh desert habitats where there is a limited amount of food
for herbivors?
What answers do we have as to why the world is green?
Several have been proposed. Hairston et al. (1960) sug-
gested that predators, parasites and disease, keep herbi-
vores rare. An alternative view is that plants are responsible
for this state of affairs (McNeill and Southwood 1978,
Janzen 1988, White 1993). Hartley and Jones (1997) sub-
scribe to the view that the world is green because some
plants are fundamentally poor as food for herbivores. We
have focused on this idea and that the chemical composition
of some plants makes them poor food. Plants are endowed
with chemical, physical and physiological functional attrib-
utes that may make them inherently unsuitable food for her-
bivores. The most favoured theory today is that many, per-
haps most, are involved in chemical defense systems, which
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Figure 2: The influence of pruning leaf level 2 on the average content (% ± SE) of the three SPMs aloenin, aloeresin and barbaloin in dry
weight of exudate of Aloe arborescens leaves. (a) On 28 February 2002, leaf level 2 at the top of branches from four plants were pruned. On
7 April 2002 (38 days later) north-facing leaf levels 3–7 from the same branch were pruned and tested. (b) On 7 April 2002, north-facing leaf
levels 3–7 of branches from four previously untouched plants were pruned and tested as the control. (c) On 5 May 2002 (after 29 days) the
pruned and regrown north-facing leaves on a branch B were pruned and tested. (d) On 5 May 2002 south-facing leaf levels 3–7 opposite the
pruned and regrown north-facing leaf levels 3–7 pruned from branches of treatment C were pruned and tested. (e) On 5 May 2002 south-fac-
ing leaf levels 3–7 from four previously untouched plants were pruned and tested as a control.
protect plants from herbivory and from microbial infections
(Harborne 1994).
In this study, by testing the content of the secondary phe-
nolic metabolites barbaloin, aloeresin and aloenin in Aloe
arborescens leaves, we found that the content of these
metabolites increases considerably after leaf pruning, in
other words ‘wounding’ the leaf. This increase occurs in new
leaves at the top of a branch that has been pruned and in the
regrown leaf parts that grow from the intercalary meristem
(Fahn 1967) in the place on the branch where pruning
occurred. There was also an increase in the SPMs content
in the leaves on the opposite side of the branch from where
the leaves were pruned, i.e. if a south-facing leaf was
pruned the content of SPMs increased in the opposite north-
facing leaf. It was also found that the greater the number of
times leaves were pruned from a branch and new parts
grew, the higher was the content of SPMs in the new or
unpruned leaves (Figures 1 and 2).
The results of this study confirm that the content of chem-
ical defense SPMs may increase as a response to pruning
and, therefore, also to herbivory. The increase in the content
of SPMs and their distribution in the leaves after pruning
may, therefore, be a defense strategy against herbivory.
In Aloe arborescens, the content of the three SPMs is dis-
tributed in the leaves and different leaf parts in similar rela-
tive amounts. In the part of a leaf where there is a higher
amount of barbaloin, the amounts of aloeresin and aloenin
are also relatively higher. In leaves or leaf parts where the
content is less of one of these three SPMs, the content of
the other two is also relatively less (Figures 1 and 2). This is
in spite of the fact that the SPMs are located in different cells
and tissues of the leaves, as found in four different Aloe
species, A. arborescens (Gutterman and Chauser-Volfson
2000a, 2000b), A. hererorensis Engler (Shen et al. 2001a,
Chauser-Volfson et al. 2002), A. mutabilis Pillans (Chauser-
Volfson and Gutterman 1998) and A. vera L. var. chinensis
(Haw.) Berg (Shen et al. 2001c).
The importance of the existence of three SPMs in one leaf
part, as in A. arborescens, and of even four SPMs, as in A.
hereorensis (Shen et al. 2001a, Chauser-Volfson et al.
2002), is that the efficiency of the defense strategy of a
‘cocktail’ of SPMs may be increased by reducing the chance
of leaf predators developing mutations that become adapted
to all of these SPMs.
It was also found that the pruning of one leaf results in an
increase in the content of SPMs in the other leaves of the
branch. However, following this study there are many ques-
tions that still need to be addressed in the future in order to
understand better the mechanisms and pathways that lead to
the distribution and increase in the content of the SPMs in the
leaves of a branch after one leaf pruning or leaf consumption.
1.What are the interactions between pruning (wounding and
pathogen) and early wounding-response genes, and hor-
monal and biochemical pathways in A. arborescens? Are
they similar to findings in other plants following wounding
in which jasmonate synthesis genes were activated within
30 minutes as an early wounding response and elicited a
fast increase of some secondary metabolites. Are other
compounds such as ethylene, abscisic acid and auxins
also affected by jasmonate (Reymond and Farmer 1998,
Rojo et al. 1999, Reymond et al. 2000, Keinänen et al.
2001, Saniewski et al. 2002)? Do such biochemical path-
ways result in ecophysiological and anatomical (Shen et
al. 2001a, 2001b, 2001c, Chauser-Volfson et al. 2002)
mechanisms that are involved in the influences of pruning
that affect the increase in the SPMs in the leaves?
2.What is the connection between the location of the leaf
that was pruned, the intensity of the reaction and the loca-
tion of the leaves in which the content of SPMs increases?
a)What is the role of the leaf age in such a system?
b)What is the role of the relative location (distance) of the
leaf that is affected?
c) It has been found that the north or south orientation of a
leaf, i.e. whether the leaf receives direct sunlight and,
therefore, much higher light intensity, has an influence on
the SPMs content (Chauser-Volfson and Gutterman 1998).
3. Is there a connection between the transportation systems
of assimilates or organic materials in the plant and the
diversity and distribution of the pruning effect on the
increase of SPMs in a particular leaf?
4.From previous studies we have seen that there is a con-
nection between anatomical structures, density of trans-
portation bundles and the SPMs content. Some of the
SPMs accumulate in the parenchymatous vascular bundle
sheath. Others accumulate in the large parenchymatous
cells inside the vascular bundle sheath, and still others in
the layer of parenchymatous cells between the chlorenchy-
ma and the centre part of the leaf where the parenchyma-
tous cells do not contain chloroplasts. Also, the larger the
width of the chlorenchyma tissue, the higher is the SPMs
content of the leaf (Shen et al. 1999, 2001a, 2001b, 2001c,
Shen 2001, Chauser-Volfson et al. 2002).
It has been found that the content of SPMs is greater in
young leaves, in which the transportation bundles are
denser than in the older leaves (Chauser-Volfson and
Gutterman 1996). The density of the bundle sheaths is
greater along the leaf margins than in the part of the leaves
between the margins. Therefore, the content of SPMs is
much higher in the leaf margins (Shen 2001, Shen et al.
1999, 2001a, 2001b, 2001c, Chauser-Volfson et al. 2002).
After pruning, the renewed part of the leaf develops
denser transportation bundles than in the part of the leaf
before pruning. The question here is, what is the hormonal
regulation that influences the density of the bundle sheaths
after pruning and, thus, the increase in SPMs content in the
renewed part of the leaf? Another question is how a signal
or this effect influences changes in the leaf opposite the
pruned leaf, or in the new leaves above, or old leaves below,
the pruned leaf?
As was found in the current study, the greatest influence
of pruning is in the youngest leaf that develops at the top of
a branch after leaf pruning (Figure 1). There is also a great
influence on the SPMs content of the leaves opposite the
pruned leaves (Figure 2). The pruning of the second leaf at
the top of a branch (Figure 1) has the greatest influence on
leaf level 3 and the lower the leaf on the branch, the less the
influence of this pruning (Figure 2).
Is there only an age effect, or only a location effect, or both
(Figure 2)? Is the age the critical factor or the distance
between the point of leaf pruning and the position of the leaf
that is affected?
In this study we found inter and intra influences of leaf
South African Journal of Botany 2004, 70: 582–586 585
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pruning on the content of SPMs. This may have a stimulat-
ing effect on future studies on anatomical, physiological,
chemical and ecological aspects of the content and distribu-
tion of the secondary metabolites in plants.
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